The last two decades have seen attempts to replace non biodegradable, synthetic food packaging films with alternatives made from biopolymers. The objective of the present work was to evaluate sensory quality of tea leaf and culinary tastemaker powder when sealed in pouches based on starch films. Films were developed from corn starch and a functional polysaccharide (FP) from amylose (AM), methylcellulose (MC), and hydroxypropylmethylcellulose (HPMC), using a casting technique. Pouches were stored inside a secondary package (plastic jar) under ambient condition for 90 days. Sensory attributes of the stored food samples were evaluated (tea in liquor form) and the scores analysed by fuzzy logic. Results were compared with similarly stored foods but using market available poly-pouches as packaging material. For tea and tastemaker in general, the relative importance of the sensory attributes under consideration was assessed as: aroma (Highly important) > taste (Highly important) > colour (Highly important) > strength (Important) for tea, and taste (Highly important) > aroma (Highly important) > colour (Important) > appearance (Important) for tastemaker. Among the three films that were developed, the highly important sensory attributes of aroma and taste were maintained as 'Very good' when the foods were packed in starch-HPMC/AM film. When the products were packed in market-available polypouches they exhibited similar attributes. With the exception of 'Very good' maintenance of the colour of tastemaker by the commercial pouch, irrespective of film and food, the colour and strength/appearance were retained in the 'Good'-'Satisfactory' range. The overall sensory score of tea was also maintained as 'Very good' in starch-HPMC film.
Introduction
Aroma compounds are small organic molecules, for example alcohols, esters, aldehydes, ketones, alkenes, pyridines, etc., having high saturated vapour pressure and are generally hydrophobic (Hambleton, Debeaufort, Bonnotte, & Voilley, 2009; Boonsong, Laohakunjit, Kerdchoechuen, & Tusvil, 2009) . The permeability of these volatile compounds through polymer films is a function of their adsorption, solubility and diffusivity in the film guided by composition and structure of the film matrix (Boonsong et al., 2009) . Loss of aroma compounds in foods, therefore, is high through apolar plastic packaging (van Willige, 2002) . Currently, the protection of aroma comCopyright ©2015 ISEKI-Food Association (IFA) 10.7455/ijfs/4. 1.2015.a3 pounds in packed on-shelf food in the retail market is accomplished with the use of expensive, non-recyclable and non-biodegradable multilayered synthetic packaging films. Hydrophilic biopolymers possess better aroma retention capacity (Das & Bal, 1999) . In a model food system containing aqueous starch dispersion and commercial strawberry flavour, Vidrih, Zlatić, and Hribar (2009) reported that starch had significant influence on retention of aroma compounds. Studies on interactions between solutions of polysaccharides (modified corn and waxy corn starches) and model aroma compounds (limonene, isoamyl acetate, ethyl hexanoate and ß-ionone) using exponential dilution technique showed the aroma retention ability of the polysaccharides (Langourieux & Crouzet, 1995) . Terta, Blekas, and Paraskevopoulou (2006) reported retention of limonene and trans-2-hexenal in polysaccharide solutions from thermodynamic and kinetic standpoints. According to Jouquand, Malhiac, and Grisel (2006) , retention of aroma by pure polysaccharide is different from that of a mixture of polysaccharides. In order to alleviate the disposal problem of synthetic plastics, the last two decades has seen the development of plastics from biopolymers. Several analytical studies have reported permeability of aroma compounds through films prepared from methylcellulose (Debeaufort & Voilley, 1994 Debeaufort, Tesson, & Voilley, 1995; Quezada Gallo, Debeaufort, & Voilley, 1999) , purified starches from potato (Yilmaz, Jongboom, Feil, van Dijk, & Hennink, 2004) and cassava (Boonsong et al., 2009) , hydroxypropylated maize starch (Sereno, Hill, Taylor, Mitchell, & Davies, 2009 ), a mixture of iota carrageenan and sodium alginate (Fabra et al., 2008) , and sodium caseinate (Fabra, Hambleton, Talens, Debeaufort, & Chiralt, 2011) . In all these analyses, commercially available pure aroma compounds were selected. However, aroma of food arises from a mixture of components, and the human is the best judge of olfactory sensations. Moreover, human perception is always fuzzy and the evaluators by nature prefer to express their opinion in linguistic form. Therefore, it is more realistic to use linguistic assessments instead of numerical values for sensory evaluation. Fuzzy logic is an important tool by which the sensory scores obtained in linguistic form, are analysed and conclusions regarding acceptance, rejection, ranking and the strong and weak quality attributes of the food can be obtained (Chakraborty, Das, & Das, 2013) . Fuzzy logic has been applied to food testing by a number of researchers (Uprit & Mishra, 2002; Jaya & Das, 2003; Das, 2005; Routray & Mishra, 2012; Sinija & Mishra, 2011; Singh, Mishra, & Mishra, 2012) . Physicochemical interactions between aroma compounds and methylcellulose in films induce plasticization (Quezada Gallo et al., 1999) . Excessive plasticization will lead to more water vapour transmission as well as aroma loss, thus destroying overall quality of packaged food material. Therefore, the ability of a film to protect aroma and other sensory qualities of a food can be assessed effectively if the food is packed in the test film, stored in regulated environment and the qualities of the packed food are monitored. Jang, Shin, and Song (2011) compared the sensory scores of strawberry pouched in direct contact with a film (primary package) prepared from rapeseed protein and gelatin along with grape seed extract as an antimicrobial agent, and strawberry packed in polyethylene terephthalate (PET) boxes. Using a nine-point hedonic scale, the former showed better sensory scores than that of the latter. Apple wraps applied on fresh-cut apple slices were more effective than coatings to increase shelf life, reduce moisture loss and browning (McHugh & Senesi, 2000) . According to Du et al. (2012) , paired sensory preference tests indicated no difference between baked chicken wrapped with tomato and apple films containing 0.5% plant antimicrobials, such as carvacrol and cinnamaldehyde, compared to chicken wrapped with tomato or apple films without antimicrobials added. Reports on the retention/loss of sensory attributes of foods packed in starch based films is absent. Starch is a cheap and abundantly available biopolymer. However, films made from it have poor mechanical and barrier properties due to its amylopectin fraction. Starch films fortified with functional polysaccharides have shown improvements in these properties (Rindlav-Westling, Stading, & Gatenholm, 2002; Paes, Yakimets, & Mitchell, 2008; Tao, Cui, Ji, Ma, & Wo, 2007) . The present work was aimed at ranking sensory attributes of some selected aromatic foods packed in self-supporting films prepared from corn starch
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Sensory Quality Retention of Packed Foods 31 along with a functional polysaccharide (FP), amylose (AM), methylcellulose (MC) or hydroxypropylmethylcellulose (HPMC), using fuzzy logic.
Materials and Methods

Materials
White free flowing corn starch powder of commercial grade (ANGEL LK18, Angel Starch and Chemicals Pvt. Ltd., Tamil Nadu, India) was used as the basic raw material. Standard analysis of the starch indicated moisture, amylose, protein (NÖ6.25), fat, and ash (550
• C for 4 h) contents, respectively, as 13.46, 21.70, 0.35, 0.04, and 0.02% on wet basis. Potato AM (Sigma Chemical Company, USA), MC (methoxy content 28-32%, Loba Chemie Pvt. Ltd., Mumbai, India) and HPMC (Hi Media Pvt. Ltd., India) were used as the FP(s). Since the presence of gelatin in film formulation may lead to formation of triple helix structure of native collagen that act as 'initiators' for the development of a three-dimensional network (Arvanitoyannis, Nakayama, & Aiba, 1998) , a fixed amount of gelatin (Loba Chemie Pvt. Ltd., Mumbai, India) was added in the blends containing MC. Glycerol (87%, AR, Merck Specialities Pvt. Ltd., Mumbai, India) and distilled water were used as plasticizers. Sodium propionate (Analar grade, Loba Chemie Pvt. Ltd., Mumbai, India) was used as antimicrobial agent. Commercially available tea leaf and culinary tastemaker powder, both having good flavour, were used as aromatic foods.
Methods
Preparation of Blend and Casting of Film
Pre-optimized compositions (corresponding to maximum tensile strength and minimum water vapour permeability of films) were used for preparation of films (Chowdhury, 2013 Sodium propionate was incorporated in all the three blends in a weight ratio of 0.185:100. Functional polysaccharide(s) was initially dissolved in 30 ml of water in a 250 ml conical flask; solubilisation of HPMC and MC, however, required overnight soaking and followed by heating in a boiling water bath for about 10 min to obtain clear solution. For HPMC and AM containing blends, the required amount of cornstarch was dispersed in another 30 ml portion of water and transferred to the FP solution at room temperature. For the MC blend, gelatin was dissolved separately in 30 ml water and to this starch was added for dispersion, and then the mixture was transferred to the MC solution. Transfer operations were done quantitatively by washing with aliquots of water. Glycerol and remaining water was added to each system, and mixed well manually with spatula. The prepared blend in a 250 ml conical flask was gelatinized by heating in a boiling water bath for 10 min with continuous stirring using a spatula. As much as possible of the hot gelatinized mass was quickly poured in the channel of a Thin Layer Chromatography (TLC) applicator and spread onto a polypropylene plate (area: 33 cm x 33 cm, thickness: 0.5 cm), maintaining a thickness of 2 mm. The film was dried in a temperaturecontrolled incubator at 40±1
• C for 24 h and peeled off from the plate. The dried films were transparent, self-supporting, easy to handle, and flexible. The thickness of films ranged within 65-105 µm. Similar values of thickness have also been reported by different workers working on yam starch, sago starch, HPMC, and chitosan, either used as sole polymer or as mixture (Mali, Grossmann, Garcia, Martino, & Zaritzky, 2004; Maizura, Fazilah, Norziah, & Karim, 2007; Sebti, Chollet, Degraeve, Noel, & Peyrol, 2007) . Films were stored in ambient conditions as described elsewhere (Das, 2008; Chowdhury & Das, 2010 • C and 33±2
• C. To avoid cross contamination of aroma, a jar contained only similar pouches. A cotton sachet containing anhydrous calcium chloride crystals was placed at the bottom of each jar to keep it dry. A piece of tissue paper covering the whole bottom surface was layered over this sachet to avoid direct contact of the food pouches with the latter. Fig. 1 shows some of the pouches and storage jars. After 90 days of storing, the pouches were cut and the tea and tastemaker powder were evaluated for sensory quality by subjective method using fuzzy logic.
Preparation of Sample for Sensory Evaluation
Tea liquor was prepared for tasting as described by Lee and Chambers (2007) . For this, water (deionised carbon filtered water obtained through reverse osmosis from Aquaguard Total Protec + RO water purifier, Eureka Forbes Pvt. Ltd., Mumbai, India) heated at 70
• C was poured into a glass container containing the tea leaves in a ratio of 2.55 g tea leaves: 150 ml water. The container was covered and allowed to brew for 2 min during which time the contents were swirled 10 times. The liquor/sample attained a temperature of 50 • C, and was strained and served in plastic cups to the judges for evaluating the various attributes. Tastemaker, as such, was also served in plastic cup.
Sensory Evaluation
Following the method of Longares, Monahan, O'Riordan, and O'Sullivan (2004) and Chinma, Ariahu, and Abu (2012) , twenty five judges (12 men and 13 women, age range 24-55 years) from non-smokers and non-beetle leaf chewers belonging to students and staff of the Agricultural and Food Engineering Department of Indian Institute of Technology, Kharagpur, were selected. The panelists were semi-trained and had good health, average sensitivity, interest in sensory evaluation, ability to concentrate and learn, and familiarity with tea and tastemaker (Ranganna, 1986) . Quality attributes selected for sensory evaluation of tea samples were aroma, colour, taste and strength (thickness of liquor) (UPASI, 2014), and those for tastemaker were aroma, colour, taste and appearance. Judges were asked to rate the products for these sensory attributes. They were also familiarized with the definitions of quality attributes, score-card, and the method of scoring, and asked not to make hasty judgements. Advice was first to sniff the food and score for aroma, followed by 'tasting' for other qualities. They were advised to rinse their mouth with water between tasting the consecutive samples (Ranganna, 1986) . For evaluating the quality attributes of tea and tastemaker, the sample packed in pouches made of film containing HPMC, AM and MC were labelled as Sample 467, Sample 785, and Sample 598, respectively. Both, aluminium pouches for tea and market available tastemaker pouches for tastemaker samples were labelled as Sample 770. The order of presentation of samples to the judges was randomised (Longares et al., 2004; Chinma et al., 2012) . In the score card, five point sensory scale factors viz., Not satisfactory (NS), Fair (F), Medium (M), Good (G), and Excellent (EX) were assigned to each of the quality attributes irrespective of the products (tea or tastemaker). Each of the judges was given an individual card and asked to give tick ( √ ) mark to appropriate scale factor for all the quality attributes of samples after evaluation. In the same score card, judges were also asked to evaluate the relative importance (weighting) of the four quality attributes usually scored for tea and commercial tastemaker in general, on the basis of another five point sensory scale viz., Not at all important (NI), Somewhat important ( 
Fuzzy Logic Analysis
The results were analyzed by fuzzy logic to find out the overall ranking for tea and tastemaker, most and least important quality attributes of these food materials in general, and strong and weak quality attributes of each of the four samples of tea and tastemaker tested. Number of judges in similar category was counted. The major steps involved in the fuzzy modelling of sensory evaluation were: (i) calculation of triplets (a set of three numbers) for a) sensory score of particular quality attributes of samples i.e., tea and tastemaker, b) sensory score of quality attributes in general, c) relative weighting of quality attributes in general, and d) overall sensory scores of samples, (ii) calculation of membership functions of sensory scores on a standard fuzzy scale, (iii) estimation of similarity values and the ranking of both tea and tastemaker samples, (iv) quality attribute ranking of both the items in general, and (v) quality attribute ranking of individual tea and tastemaker samples (Uprit & Mishra, 2002; Jaya & Das, 2003; Das, 2005; Routray & Mishra, 2012; Sinija & Mishra, 2011; Singh et al., 2012) . Details of calculations are discussed below by taking the tea sample as an example. Tastemaker was analysed exactly in the same way.
Calculation of Triplets i Triplets for Sensory Scores of Quality
Attributes of Sample Using the number of judges in similar category and the standard form of triplets associated with five point sensory scale (Table 1) as derived from triangular membership distribution pattern (Fig. 2) , triplets for the sensory scores of a quality attribute of a particular sample was evaluated. In Fig. 2 
Thus, triplets associated with overall sensory score for tea sample 598 was calculated using the triplet multiplication rule (Eq. 4) SO598 = S598AÖ QA rel + S598CÖ QC rel + S598TÖ QT rel + S598SÖ QS rel where S598A, S598C, S598T, and S598S represent the triplets corresponding to the aroma, colour, taste, and strength of Sample 598, and QA rel , QC rel , QT rel , and QS rel denote the triplets of relative weighting corresponding to these quality attributes of tea in general.
Membership Function of Overall Sensory Scores on Standard Fuzzy Scale
Standard fuzzy scale is referred to the 6-point sensory scale as shown in Fig. 3 In the figure, value of membership function is 1 when the value of abscissa is a, and its value is zero when the abscissa is less than (a-b) or greater than (a+c). For a given value of x on the abscissa, value of membership function B x can be expressed as Eq. (7)
Corresponding to the triplets of overall sensory scores for each of the four samples for tea, value of membership function B x at x= 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 , and 100 was calculated by using Eq. (7). On standard fuzzy scale, this gives a set of 10 numbers as:
'maximum values of B x at 0 < x < 10, 10 < x < 20, 20 < x < 30, . . . . . . . . . .., 80 < x < 90, 90 < x < 100.'
Similarity Values and Ranking of the Tea Samples
After getting the B values for each sample on standard fuzzy scale as a set of ten values, the similarity value for each sample was obtained by Eq. (8) (Chen, 1988) :
Maximum of (F x F' and B x B') (8) where S m is the similarity value for the sample (e.g., tea Sample 598), F x B' is the product of the matrix F (Eq. 6) by the transpose of matrix B, F x F' is the product of matrix F by its transpose, and B x B' is the product of matrix B by its transpose. For example, for Sample 598 of tea whose membership function on standard fuzzy scale is B598, under F1 category, F1 x B598', F1 x F1' and B598x B598' were calculated using matrix multiplication. The maximum value of F1x F1' and B598 x B598' was taken in the denominator and the value of F1Ö B598' was taken in the numerator of Eq. (8). Similarity value was evaluated for each of F1, F2, F3, F4, F5 and F6 of standard fuzzy scale (Fig. 3) and the highest similarity value was noted. Taking overall sensory score as an example, if the similarity value of a sample of tea was highest under F4 i.e., 'Good' category, the overall quality of that tea sample was regarded as 'Good'.
Similarity Values for Quality Attribute Ranking of Tea in General
The ranking of quality attributes for tea in general, was expressed by adopting the same procedure as mentioned above. Using the triplets for sensory scores of each of the four quality attributes in general (Eq. 2), the corresponding membership functions on standard fuzzy scale were calculated and the similarity values evaluated. By comparing the similarity values for each of the four quality criteria (aroma, colour, taste, strength), the order of ranking was framed. The category (viz., Not at all necessary, Somewhat necessary, Necessary, etc.) corresponding to the highest similarity value was regarded as the best quality criteria for tea in general.
Similarity Values for Quality Attributes Ranking of Individual Tea Sample
For finding the ranks of the four qualities attributes of each tea sample tested (Samples 467, 785, 598 and 770), similar procedure was adopted. For this ranking, triplets of sensory scores of four quality attributes of individual sample (Eq. 1) and triplets for relative importance of each of the quality attributes in general (Eq. 3) were used to find out the overall sensory scores for aroma, colour, taste and strength, respective to each sample. These triplets of overall sensory scores were converted to respective membership function. Similarity values of the four quality attributes of individual sample were then calculated, and the highest similarity value was regarded as the best quality criteria, whereas the lowest value denoted the weakest quality. The order of ranking of the quality attributes of individual sample was then determined based on the order of the similarity values. An existing MATLAB 7.1 program (The Mathworks Inc., Natick, MA) was used for determining the sensory scores by following above mentioned steps. Tables 2 and 3 show the number of judges opting for the particular sensory preference category for tea and tastemaker, respectively, packed in different pouches viz., Samples 467, 785, 598 and 770. The tables also contain the triplets associated with the sensory scores which were calculated as shown in Eq. (1).
Results and Discussion
Triplets for Sensory Quality of Tea and Tastemaker Samples
Triplets of Sensory Scores for Quality Attributes of Tea and Tastemaker Samples in General
The judges' evaluations of the importance of quality attributes of tea and tastemaker in general, are shown in Table 4 . Triplets for these sensory scores of quality attributes, in general, viz., aroma, colour, taste and strength for tea samples and aroma, colour, taste and appearance for tastemaker samples are included in this Values of membership function for overall sensory scores of the tea and tastemaker samples on standard fuzzy scale (vide Eq. 7) are shown in Table  5 .
Similarity Values and Ranking of Tea and Tastemaker Samples Based on Overall Quality
Similarity values (according to Eq. 8) and the consequent ranking for tea and tastemaker samples packed in different packaging materials are presented in Table 7 shows the similarity values and subsequent ranking for all the quality attributes of tea and tastemaker in general. The comparison of the values for tea in general (Table 7) showed that, the similarity value for aroma (0.9204) was the highest followed by taste (0.8853) and colour (0.8377), and all these three attributes for tea were considered to be 'Highly important'. Similarity value for strength of tea was the lowest (0.8917) among all, and was rated to be 'Important'. Hence, the order of preference of quality attributes for tea in general, was aroma (Highly important) > taste (Highly important) > colour (Highly important) > strength (Important). Liang et al. (2008) also reported that aroma, taste and colour are the major quality attributes for tea, and strength was the least important quality attribute as evaluated by Sinija and Mishra (2011) . Similarly, both taste (0.9423) and aroma (0.8907) of tastemaker powder were perceived as 'Highly important', whereas colour (0.9700) and appearance (0.8741) were rated as 'Important'. Therefore, the order of preference for tastemaker in general, was IJFS April 2015 Volume 4 pages 29-48 taste (Highly important) > aroma (Highly important) > colour (Important) > appearance (Important). Therefore, taste of the tastemaker sample was considered as the strongest quality attribute and appearance as the weakest.
Quality Attributes Ranking of Tea and Tastemaker Samples in General
Quality Attribute Ranking of Individual Tea and Tastemaker Samples
Similarity value of individual quality attribute of different tea and tastemaker samples are given in Tables 8 and 9 , respectively. Based on the similarity values as in Table 8 for tea samples, the order of ranking of the quality attributes of Sample 467, 785, 598 and 770 were as follows, In addition to detrimental effects of water vapour, oxygen and volatiles permeating through film, a packaged food item, even a solid one, may lose its quality by absorbing undesirable flavours from the packaging material (Voilley, Debeaufort, & Quezada-Gallo, 2002) . In the present study, the developed films did not indicate such a problem. Samples 467 and 785 maintained the aroma and taste of tea as 'Very good', while colour and strength in 'Good'-'Satisfactory' range. In-vogue opaque Al pouch also maintained these qualities in similar manner. Sample 598 could preserve taste in the 'Good' category only, though for the other qualities retention was comparable. It is worth mentioning that assessors preferred aroma, taste and colour as the 'Highly important' criteria of tea (Table 7) . For tastemaker powder in general, taste and aroma were the 'Highly important' requirements, whereas colour and appearance were considered 'Important'. Taste and aroma were maintained 'very good' with Samples 467 and 785, similar to that by commercial pouch. With the Starch-MC pouch (Sample 598), however, there was deterioration of aroma to bring down to 'Good'. Regarding colour and appearance, commercial pouch exhibited best retention amongst all. Diffusion of volatile compounds through starch film is augmented by moisture permeation vis-a-vis swelling (Habeych, van der Goot, & Boom, 2007; Yilmaz et al., 2004; Quezada Gallo et al., 1999) . In a separate study, water vapour permeability of starch films having similar formulations was determined to lie within 0.5-0.6 g.mm/m 2 .kPa.h at 25
• C for100%/50% relative humidity (RH) gradient (Chowdhury & Das, 2014) . Excepting some loss of aroma only for Starch-MC pouch in case of tastemaker powder, these films gave 'Very good' aroma retention of both the test foods. This was IJFS April 2015 Volume 4 pages 29-48 possible, probably, by storing the pouches over anhydrous calcium chloride in a secondary package so maintaining a dry atmosphere (Fig. 1) . It is worth mentioning that at ≈ 11% RH within 25-45
• C, films possess ≤ 4% moisture content (Chowdhury & Das, 2010; Chowdhury & Das, 2012) . Regarding aroma loss through Starch-MC film, reports of Quezada Gallo et al. (1999) on interaction of aroma compounds with methylcellulose in films deterring the quality of packaged food material and Vidrih et al. (2009) on interaction of aroma with starch in dispersion, seem quite interesting. It may also be noted in the same figure that starch films are transparent and perhaps, such transparency downgrades the colour attributes of tastemaker powder whilst keeping tea unaffected. Thus, as mentioned earlier for protein and fruit based packaging films (McHugh & Senesi, 2000; Jang et al., 2011; Du et al., 2012) starch based films also have the ability to preserve sensorial attributes of food materials.
Conclusions
Aroma and taste of tea leaf and tastemaker (culinary powder) in general were assessed as 'Highly important' sensory attributes. These attributes could be maintained 'Very good', at least for 90 days at room temperature, when tea and tastemaker were packed in corn starch-HPMC/AM film, followed by storing the pouches in dry air inside secondary package (plastic jar). Stored alike, market available polypouches exhibited similar sensory quality maintenance. Among all the film-food combinations, starch-HPMC film maintained 'Very good' overall sensory score of tea. NI not at all important, SI somewhat important, I important, HI highly important, EI extremely important.
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